INTRODUCTION
============

Hepatitis C virus (HCV) infection is one of the most common causes of chronic liver disease worldwide, affecting about 170 million people ([@B1]). HCV-infected patients are at risk for chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC), and they serve as a reservoir for HCV transmission. As there is no effective vaccine for HCV infection, finding risk factors and modes of HCV transmission has been the focus of elaborating the preventive strategies.

Significant geographic and temporal differences have been observed in the global epidemiology of HCV infection ([@B2], [@B3]). A lot of studies have reported on the risk factors of HCV infection in Western countries ([@B1], [@B4], [@B5]); however, studies in Asian countries, including Korea, are limited ([@B6]-[@B8]). Even in Asian countries, some differences in the risk factors related to HCV transmission have been observed. For example, traditional procedures such as acupuncture or other folk remedies are considered significant risk factors in Japan and Taiwan ([@B9]), while eyebrow tattooing for cosmetic purposes is an important risk factor for HCV infection in Vietnam and Cambodia ([@B9]).

In Korea, hepatitis B virus (HBV) infection has been a major cause of liver cirrhosis and hepatocellular carcinoma ([@B10]). However, the prevalence of HBV has gradually decreased along with successful universal immunization program ([@B11], [@B12]). Although the relative importance of HCV infection as a cause of liver disease has been increasing in Korea, studies on the risk factors related to HCV infection are very limited during the recent 10 yr. Although transfusion before 1992 was a strong factor for HCV transmission ([@B13], [@B14]), studies of HCV epidemiology with regard to other risk factors, such as injection drug use, needle stick injury, surgery, and tattooing have been limited in Korea ([@B15]-[@B17]).

The present study aimed to assess the risk factors for HCV infection in Korea by investigating the frequency of socio-demographic and behavioral factors in 711 patients with chronic HCV infection using data obtained from a prospective, multicenter cohort study, and to compare those factors in the cohort group with those in 206 patients with chronic liver diseases unrelated to HCV or hepatitis B virus infection (comparison group) at four university hospitals in Korea.

MATERIALS AND METHODS
=====================

Study design and population
---------------------------

Data obtained from a prospective, multicenter cohort study were used for this study. The cohort included a total 711 adult patients with chronic HCV infection as confirmed by HCV RNA positivity for more than 6 months. They were enrolled in four university hospitals located in the Seoul metropolitan area of Korea (Seoul National University Bundang Hospital, Asan Medical Center, Seoul St. Mary\'s Hospital, and Soonchunhyang University Bucheon Hospital) from January 2007 and to June 2010. The cohort was classified as 3 categories of HCV-related chronic liver disease; chronic hepatitis, liver cirrhosis, and HCC. Patients were excluded if they had acute liver diseases of any causes, such as acute viral hepatitis or toxic hepatitis, or past HCV infection with full recovery. As a comparison group, a total 206 patients with chronic liver diseases which were not caused by either HCV or HBV, and agreed to participate in this study, were separately enrolled at the same hospitals during the same study period.

Questionnaire survey and data collection
----------------------------------------

A trained nurse at each hospital interviewed the subject patients using a standardized questionnaire, which included socio-demographics (age, gender, education, income, and occupation), health behaviors (smoking and drinking), and medical history including thyroid disease, diabetes, hypertension, and tuberculosis. Moreover, patients were asked about their experiences in acupuncturing, tattooing (including eyebrow tattooing), piercing (including piercing for earrings), intravenous drug use, intranasal drug use, blood transfusions, digestive endoscopy, dental procedures, surgery, and dialysis procedures, diagnosis of hemophilia, a familial history of hepatobiliary disease and the number of sexual partners.

Statistical analysis
--------------------

Categorical variables were compared with Fisher\'s exact test or the chi-square test, and continuous variables were compared with the independent t-test or nonparametric Mann-Whitney U-test. A logistic regression analysis was performed to examine factors related to HCV infection. Considering behavioral differences by gender, we performed a multivariate logistic regression separately for males and females. STATA version 11 was used for all statistical analyses (StataCorp LP, College Station, TX, USA).

Ethics statement
----------------

This study was approved by the Institutional Review Board of Seoul National University Bundang Hospital (IRB No. B-0706-046-002). All patients provided written informed consent.

RESULTS
=======

Socio-demographic and behavioral factors in the HCV group and the comparison group
----------------------------------------------------------------------------------

In total, 917 patients were enrolled, including 711 patients in the HCV group (77.5%) and 206 in the comparison group (22.5%) ([Table 1](#T1){ref-type="table"}). The mean age of the patients in the HCV group was 58.1 yr, and half of them were male (49.9%), while the comparison group included younger patients (53.3 yr old), with a larger number of males (64.6%), compared to that in the HCV group. These differences were statistically significant.

Seventy-seven patients (10.9%) had hepatocellular carcinoma (HCC), 118 patients (16.6%) had liver cirrhosis (LC), and 514 patients (72.5%) had chronic hepatitis in the HCV group, whereas the comparison group included 65 patients (12.2%) with HCC, 67 patients (32.6%) with LC, and 63 patients (36.6%) with chronic hepatitis, which were not caused by either HCV or HBV. About 25% of patients in the comparison group had various other hepatobiliary diseases, including hepatic hemangioma, benign hepatic cysts, pancreatitis, and biliary stone diseases.

A total of 52.2% of patients in the HCV group was current or former drinkers, and 49.4% were current or former smokers. Compared to the HCV group, the proportions of alcohol drinkers and cigarette smokers were higher in the comparison group, because it included patients with alcoholic liver disease (*P* \< 0.01). Patients in the HCV group showed a significantly higher rate of needle stick injuries, dental procedures, tattooing, piercings, intravenous drug use, remote transfusions more than 20 yr ago, and surgery. Acupuncture history was popular in both the HCV group (82.0%) and the comparison group (74.8%), which was not statistically significant ([Table 1](#T1){ref-type="table"}).

The risk factors related to chronic HCV infection in Korea
----------------------------------------------------------

A univariate analysis showed that age, gender, history of acupuncture, tattooing, piercing, intravenous drug use, needle stick injury, transfusions received more than 20 yr ago, dental procedures, surgery, and multiple sexual partners (≥ 4) were significantly associated with HCV infection, whereas family history of hepatobiliary disease was not associated with HCV infection ([Table 2](#T2){ref-type="table"}).

In the multivariate logistic regression, we excluded smoking status, marital status, and piercing, because smoking status was highly correlated with alcohol drinking status (Spearman\'s correlation coefficient, 0.57; *P* \< 0.001), marital status was highly correlated with age (Spearman\'s correlation coefficient, 0.45; *P* \< 0.001), and piercing was significantly correlated with tattooing by Spearman\'s correlation analysis (Spearman\'s correlation coefficient, 0.44; *P* \< 0.001). The multivariate logistic analysis showed that chronic HCV infection was significantly associated with age (odds ratio \[OR\], 1.03; 95% confidence interval \[CI\], 1.01-1.05), needle stick injury (OR, 4.72; 95% CI, 1.02-21.73), tattooing (OR, 2.07; 95% CI, 1.13-3.78), and dental procedures (OR, 2.96; 95% CI, 1.35-6.48). The average number of sexual partners was also associated with HCV infection. People who had 2-3 partners and \> 4 partners were about 2 times and 4 times more likely to have an HCV infection compared to people who had one sexual partner, respectively. In addition, we found that having a blood transfusion more than 20 yr ago (OR, 2.99; 95% CI, 1.20-7.41) and having undergone any surgical procedure were positively associated with HCV infection (OR, 1.89; 95% CI, 1.17-3.06). However, family history of hepatobiliary disease was not associated with HCV infection ([Table 2](#T2){ref-type="table"}).

The risk factors related to chronic HCV infection according to gender
---------------------------------------------------------------------

The results of a univariate subgroup analysis according to gender are summarized in [Table 3](#T3){ref-type="table"}. We present adjusted ORs for males and females in [Table 4](#T4){ref-type="table"}. In males, age (OR, 1.04; 95% CI, 1.02-1.07), needle stick injury (OR, 13.83; 95% CI, 1.55-122.65), tattooing (OR, 7.31; 95% CI, 1.46-36.62), and multiple sexual partners (≥ 4) (OR, 3.90; 95% CI, 1.81-8.43) were significantly associated with HCV infection, whereas having a transfusion more than 20 yr ago was not (OR, 7.80; 95% CI, 0.95-63.79). In females, acupuncture (OR, 3.24; 95% CI, 1.42-7.40), transfusion more than 20 yr ago (OR, 2.99; 95% CI, 1.02-8.78), and surgery (OR, 2.07; 95% CI, 1.03-4.18) were significantly associated with chronic HCV infection.

DISCUSSION
==========

In this multicenter case-control study, we found that needle stick injury, dental procedure, tattoo, surgery, multiple sex partners, and blood transfusion more than 20 yr ago were significantly associated with chronic HCV infection in Korea. Factors for chronic HCV infection differed between male and female patients.

In our data, prevalence of HCV infection increased with age, peaking at over 60 yr. This age pattern is similar to prevalence data reported in Japan, China, Turkey, Spain, and Italy, but different from those in the United States, Australia, and northern Europe, where the peak prevalence was observed in subjects aged 30-49 yr ([@B2], [@B18]), suggesting that there may be different risk factors associated with HCV infection according to different geographic areas. Previous studies of HCV epidemiology in Korea reported that transfusion before 1992 was a strong factor for transmission ([@B13], [@B14]); however, findings with regard to other risk factors, such as injection drug use, needle stick injury, surgery, and tattooing have been limited ([@B15]-[@B17]). Moreover, those studies were performed more than 10 yr ago and were community-based whereas this one was a hospital-based.

Injection drug use (IDU) is one of the most important risk factors for HCV infection in many countries, especially among young adults ([@B1]). However, our study participants were relatively old and IDU has not been common in Korea. In our study, all 26 patients with a history of IDU were in the HCV group, and there was no IDU in the NBNC group (*P* = 0.004). Clearly, injection drug users in our study were more likely to have HCV infection; however, further investigation is necessary, as the rate of IDU is relatively low.

Whether acupuncture is a risk factor for HCV infection remains in dispute ([@B7], [@B14], [@B19]-[@B21]). In our study, the prevalence of acupuncture was high in both groups (HCV group; 82.1%, NBNC group; 74.8%), and was not associated with overall HCV infection (*P* = 0.09). However, in subgroup analysis, acupuncture was a risk factor for HCV infection among women, while it was not among men. This result was compatible with results of a previous study, which reported that the attributable risk fraction of acupuncture was 9% for men, and 55% for women (total 38%) among older adults (≥ 40 yr old) in Korea ([@B17]). Patterns of acupuncture may differ according to gender; however, it has not been evaluated in detail in this study.

Tattooing as a risk factor for HCV infection has also been controversial ([@B5], [@B7], [@B13], [@B16], [@B22]). In this study, people who had tattoos were about 2 times more likely to have HCV infection, compared to people who did not. However, in subgroup analysis, tattoo was an independent factor for HCV infection in men only, not in women, and men who had tattoos were 7 times more likely to have HCV infection, compared to those who did not. In this study, tattooing included eyebrow tattooing which was common in middle aged women for cosmetic purposes in Korea. Details on tattooing methods and tattooing areas were not examined in the study, but might be worthy of investigation in future studies.

The occupational exposure of HCV transmission occurs often in health care workers and individuals at risk (e.g., military settings, incarcerated in prison or jail, and end-stage renal disease) mostly via HCV-contaminated needle stick injuries ([@B23], [@B24]). In our study, needle stick injury was a strong independent risk factor for HCV infection (OR, 11.0). Further study on type of occupation (e.g., healthcare worker) or details on conditions at exposure is required. Nosocomial transmission is a well established route of HCV infection. A study in Italy showed that HCV transmission in a surgical setting was identified by administration of propofol in multi-dose vials ([@B25]). Findings from another study suggested that HCV transmission to five patients during open heart surgery occurred through an HCV-infected cardiac surgeon ([@B26]). However, surgical procedures as a risk factor for HCV infection are controversial in Korea ([@B13], [@B15], [@B16]). A community-based survey in Italy showed that dental procedures and use of glass syringes are associated with 2.5-fold and 1.9-fold increased risk for HCV infection ([@B27]), respectively, whereas other studies did not show a significant association ([@B4], [@B5], [@B14], [@B16], [@B19]). Our multivariate analysis showed that dental procedures and surgical procedures were significantly associated with HCV infection in Korea, whereas digestive endoscopy was not. A comprehensive review revealed only 35 cases of transmission via digestive endoscopic procedures in the prior decade, and the estimated HCV infection rate was 1 per ten million procedures ([@B28], [@B29]). Therefore, our data suggest that standard precautions in dental and surgical procedure should be improved in Korea.

HCV screening of blood donors began in Korea in 1992 ([@B15]), and transfusion was no longer a risk factor for HCV infection. Similarly, in our study, having a blood transfusion more than 20 yr ago was a significant risk factor for HCV infection, compared to having it within 20 yr. This finding is compatible with results of other studies in Korea ([@B13]) .

Sexual transmission of HCV occurs uncommonly, except among men having sex with men ([@B1], [@B30], [@B31]). A 10-yr prospective follow-up study found that the risk of HCV sexual transmission with monogamous couples was extremely rare ([@B30]). However, multiple sexual partners and early age (\< 18 yr old) at the first sexual intercourse were independent predictors of anti-HCV positivity in a study conducted in the United States ([@B32]). According to our data, having multiple sexual partners (*P* = 0.002) and early age (\< 18 yr old) at first sexual intercourse (13 of 379 in the HCV group vs 0 of 143 in the comparison group; *P* = 0.02, data not shown) were significantly associated with chronic HCV infection, which is consistent with findings from a US study ([@B32]).

Results have been controversial on intra-familial transmission of HCV. The prevalence of anti-HCV positivity among familial members living with patients with HCV ranges widely (from 0% to 27%) ([@B1]). Some studies have reported that anti-HCV positivity is highly correlated with duration of marriage and actual exposure (e.g., more frequent sexual contact and shared toothbrushes) ([@B33], [@B34]). In contrast, a study in Italy showed that among 1,379 household contacts of 585 HCV antibody-positive subjects, the prevalence of anti-HCV among household contacts was 7.3% (15.6% in spouses and 3.2% in other relatives), and the type of relationship (spouses vs other relatives), rather than years of marriage (≤ 20 yr vs \> 20 yr) was an independent predictor of anti-HCV positivity among household contacts ([@B35]). In the current study, familial contact with an HCV positive patient was not a significant risk factor for HCV infection (*P* = 0.327, data not shown). This result may be related to the nature of the patients in our control group, who were mostly diagnosed with alcoholic liver disease, hemangioma, or hepatic cysts, which are associated with genetic factors.

This study had several limitations. First, for the comparison group patients we recruited patients who visited the same hospitals because of the chronic liver diseases caused by other than hepatitis B or C, so that they were not a community-based or liver disease-free control population. However, a survey of patients with liver diseases in the same clinic may have reduced recall bias during the questionnaire survey. Second, a significant difference in sample size was observed between the HCV group and the comparison groups. The reason was that the questionnaire survey was time consuming, and many patients with liver disease not related to HCV did not agree to participate in this study. Third, some patients did not want to answer private questions, such as those pertaining to sexual relationships, which resulted in missing data. The fundamental limitation was that a previous exposure history to the risk factors does not indicate a cause of HCV infection.

In conclusion, this study showed that the major risk factors for chronic HCV infection are closely related to conventional or alterative healthcare procedures and multiple sexual partners in Korea where intravenous drug use is uncommon. Therefore, standard precautions during invasive procedures in the healthcare setting and reinforced public education on risky behaviors are required to prevent HCV infection.
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Characteristics of the study populations with chronic liver disease
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^\*^Alcoholic cirrhosis (n = 50), cryptogenic cirrhosis or other causes (n = 17); ^†^alcoholic liver disease (n = 2), non alcoholic fatty liver disease (n = 44), autoimmune hepatitis (n = 11), primary biliary cirrhosis (n = 4); ^‡^pancreatitis (n = 7), hepatic hemangioma (n = 7), biliary stone diseases or cholangitis (n = 11), liver abscess (n = 6), hepatic cyst (n = 5) and others (n = 11). S.D., standard deviation; HCV, hepatitis C virus; Comparison group, liver disease without hepatitis B or hepatitis C infection.
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Factors associated with chronic hepatitis C virus (HCV) infection: Results of univariate and multivariate analysis
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^\*^*P* value: \< 0.05, (95% confidence interval); ^†^marital status, smoking, and piercing were excluded from the multivariate analysis, because they showed moderate correlation with other factors. OR, odds ratio; CI, confidence interval.
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Univariate logistic regression analysis of factors associated with chronic hepatitis C virus infection in males and females
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^\*^*P* value: \< 0.05, (95% confidence interval); ^†^marital status, smoking, and piercing were excluded from the multivariate analysis, because they showed moderate correlation with other factors. OR, odds ratio; CI, confidence interval.
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Multivariate logistic regression analysis of factors associated with chronic hepatitis C virus infection in males and females
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^\*^*P* value: \< 0.05, (95% confidence interval). OR, odds ratio; CI, confidence interval.
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